Bridging the digital divide: examining the use and access to e-health based technologies by millennials and older adults in Ontario, Canada by Theiventhiran, Delana






Bridging the Digital Divide: Examining the Use and Access to E-Health Based 







A thesis submitted to the  
School of Graduate and Postdoctoral Studies in partial 
fulfillment of the requirements for the degree of 
 
Master of Health Sciences in Community, Public and Population Health  
 
 
Faculty of Health Sciences 
University of Ontario Institute of Technology (Ontario Tech University) 




© Delana Theiventhiran, 2020
E-HEALTH AND THE DIGITAL DIVIDE      
ii 
 
Thesis Examination Information  
Submitted by: Delana Theiventhiran 
 
 
Master of Health Sciences in Community, Public and Population Health 
 
Thesis title:  Bridging the Digital Divide: Examining the Use and Access to E-health Based 
Technologies by Millennials and Older Adults in Ontario, Canada 
 
 






Chair of Examining Committee 
 




Dr. Wally J. Bartfay 
 
Examining Committee Member 
 
Dr. Caroline Barakat-Haddad 
 






Dr. Terry Wu- Faculty of Business and IT, Ontario Tech 
University 
 
Andra Duff-Woskosky- Ontario Shores Centre for 
Mental Health Sciences 
 
The above committee determined that the thesis is acceptable in form and content and that a 
satisfactory knowledge of the field covered by the thesis was demonstrated by the candidate during 
an oral examination.  A signed copy of the Certificate of Approval is available from the School of 












The digital divide is the gap between demographics and regions that have access to 
information communication technologies and those who do not. The older adult generation may 
not be familiar with e-Health usage, compared to generations such as millennials. A convenience 
non-random descriptive comparative study was conducted; Information was collected based on 
demographics; health information collection, usage and distribution; E-health and e-health 
technology usage; and digital literacy levels. Millennials (n=31) were undergraduate students 
recruited at Ontario Tech University; Older adults (n=28) were recruited from senior centres in the 
Durham region. Data was examined using sex and age cohort, to identify any statistically 
significant differences. Results showed that older adults had a decreased understanding of E-health 
based technologies, digital literacy, and accessed the internet less. These preliminary findings 
suggest that there are noted challenges facing older Canadians in terms of utilization of e-health 










Keywords: Digital divide, ICT, older adults, millennials, technology, E-health 





I hereby declare that this thesis consists of original work of which I have authored. This is a 
true copy of the thesis, including any required final revisions, as accepted by my examiners. 
I authorize the University of Ontario Institute of Technology (Ontario Tech University) to 
lend this thesis to other institutions or individuals for the purpose of scholarly research. I further 
authorize University of Ontario Institute of Technology (Ontario Tech University) to reproduce 
this thesis by photocopying or by other means, in total or in part, at the request of other institutions 
or individuals for the purpose of scholarly research. I understand that my thesis will be made 
electronically available to the public. 
The research work in this thesis that was performed in compliance with the regulations of 







DIGITAL DIVIDE AND GENERATIONS      
v 
 
Statement of Contributions 
Appendix M has been published as: 
 
Theiventhiran, D., Bartfay, W. J. ., Barakat-Haddad, C., & Wu, T. (2020). The Digital 
 Divide: Examining the Use and Access to E-Health Based Technologies by  
Millennials and Older Adults. South Asian Research Journal of Nursing and   
Healthcare, 02(01), 31–37. doi: 10.36346/sarjnhc.2020.v02i01.005 
 
I performed the systematic review, with assistance from Dr. Bartfay, Dr. Barakat-Haddad, and 








The day has finally come! Amongst my excitement, I find it important to thank some 
individuals who supported me and guided me throughout this journey called graduate school.  
Firstly, I would like to thank Dr. Wally J. Bartfay for his limitless encouragement and 
support throughout my thesis. Your guidance has further sparked my passion for research, and 
inspired me. Thank you for introducing me to the world of research during the undergraduate level, 
and helping me continue my passion during my graduate degree. You have been a mentor not only 
for my thesis, but also in my personal life. I have learned so much from you in the last 6 years, and 
you have opened up so many opportunities for me that I didn’t even know existed. I am glad to 
have gained my greatest supporter! 
I would also like to thank Dr. Caroline Barakat and Dr. Terry Wu for being my supervisory 
committee and providing me with insight and support throughout my graduate degree. Your 
constant support is what got me to today! Thank you to Andra Duff-Woskosky as well; your 
guidance and comments on my thesis as my external examiner truly made me realize the impact I 
am having on those who read my research.  
Thank you to the Faculty of Health Sciences at the University of Ontario Institute of 
Technology (Ontario Tech University) for supporting me throughout both my undergraduate and 
graduate degrees- specifically Dr. Manon Lemonde and Dr. Lori Livingston. Your support and 
wise words of encouragement will never be forgotten.  
Thank you to the students of the University of Ontario Institute of Technology (Ontario 
Tech University), and the older adult care centres in Durham Region- specifically Oshawa Seniors 
Citizens Centre, South Pickering Seniors Club, St Andrews Friendship Centre, and Orchard Villa 
Retirement Residence. This study would never have been possible without your partnerships. 
DIGITAL DIVIDE AND GENERATIONS      
vii 
 
Thank you to my research assistant, Marc Walna Fevry. Your assistance was greatly appreciated, 
and I am happy to have gained a friend! 
Thank you to my friends for your infinite support, inspiration, and of course, teasing. Each 
one of you have been unbelievably supportive, whether you knew it or not. Thank you Sharmila, 
for supporting me even through the hardest of times. I’m truly blessed to know someone as 
amazing as you. Thank you GG, for your moral support (I told you I would write that- HAHA!). 
Your words and actions have truly helped me each step of the way. Your unwavering warmth has 
been a light in a dark tunnel for me. Thank you Atheesh, your kindness and inspiration got me to 
today, even if you’re not here to see it.  I am truly fortunate to have such amazing people in my 
life. 
Finally, thanks to: Amma and Appa. Your dreams and hard work have paid off! I am so 
fortunate to have you to not only love and support me, but encourage me to pursue every goal and 
dream I have. Appamma, thank you for being there for me even if you are miles away. Our 
hilarious conversations are always my favourite part of the day! Ammamma, even if you are not 













I dedicate this thesis to my Amma and Appa. Without you, I would not be here today. You have 
worked so hard to give me a better life, and there is nothing more I appreciate. Getting to 
dedicate my thesis to you is my greatest honour. Thank you, from the bottom of my heart.  
 
 
தந்தத மகற்கு ஆற்றும் நன்றி அதையத்து 
















கற்றது தக மண் அளவு. கல்லாதது உலகளவு. 
DIGITAL DIVIDE AND GENERATIONS      
ix 
 
Table of Contents 
Bridging the Digital Divide: Examining the Use and Access to E-health Based Technologies 
by Millennials and Older Adults in Ontario, Canada ............................................................... 0 
Thesis Examination Information ................................................................................................. ii 
Abstract ......................................................................................................................................... iii 
Author’s Declaration ................................................................................................................... iv 
Statement of Contributions .......................................................................................................... v 
Acknowledgements ...................................................................................................................... vi 
Dedication ................................................................................................................................... viii 
Table of Figures........................................................................................................................... xii 
Table of Tables ........................................................................................................................... xiii 
Chapter I: Significance and Review of the Literature ............................................................ 14 
1.1 Background and Rationale .................................................................................................. 15 
1.2 The “Digital Divide” ........................................................................................................... 17 
1.3 Systematic Review of the Literature ................................................................................... 17 
1.4 Methods ............................................................................................................................... 18 
Figure 1.1 Hierarchical Chart of Study Ranks ...................................................................... 20 
Search Results ........................................................................................................................... 20 
Figure 1.2 Flowchart of Systematic Review Search Methods ............................................... 21 
Table 1.1:  Summary of articles located from PubMed, ERIC, and CINAHL ...................... 23 
1.5 Discussion and Conclusion ................................................................................................. 30 
1.6 Implications for Public Health ............................................................................................ 33 
1.7 Research Questions ............................................................................................................. 36 
1.8 Research Hypotheses........................................................................................................... 36 
Chapter II: Study Design and Methods .................................................................................... 43 
2.1 Study Design and Methods ................................................................................................. 44 
2.2 Recruitment of Participants ................................................................................................. 45 
2.3 Data Analysis ...................................................................................................................... 46 
References ................................................................................................................................. 48 
Chapter III: Results .................................................................................................................... 49 
3.1 Demographic Results .......................................................................................................... 50 
Table 3.1 Mean and Standard Deviation of the Cohorts ....................................................... 50 
Figure 3.1 Location of Residence for Older Adults .............................................................. 51 
DIGITAL DIVIDE AND GENERATIONS      
x 
 
Figure 3.2 Location of Residence for Millennials ................................................................. 51 
Figure 3.3 Marital Status for Older Adults ............................................................................ 52 
Figure 3.4 Marital Status for Millennials .............................................................................. 52 
Figure 3.5 Level of Education for Older Adults .................................................................... 53 
Figure 3.6 Education Level for Millennials ........................................................................... 54 
Figure 3.7 Average Household Income for Older Adults ..................................................... 55 
Figure 3.8 Average Household Income Level for Millennials .............................................. 55 
Figure 3.9 Current Employment Status for Older Adults ...................................................... 56 
Figure 3.10 Current Employment Status for Millennials ...................................................... 56 
3.2 Physical Health .................................................................................................................... 57 
Figure 3.11 Current Overall Physical Health for Older Adults ............................................. 57 
Figure 3.12 Current Overall Physical Health for Millennials ............................................... 58 
Table 3.2 Choices for Question 9 divided by age and sex .................................................... 59 
Table 3.3 Choices for Question 10 divided by Age and Sex ................................................. 60 
Table 3.4 Choices for Question 14 divided by Age and Sex ................................................. 61 
3.3 Mental Health ...................................................................................................................... 62 
3.4 Internet Usage ..................................................................................................................... 63 
Table 3.5 Tests and P-values on Questions 18 and 19 .......................................................... 64 
Figure 3.13 What do you use the Internet for? ...................................................................... 65 
Figure 3.14 What methods would you prefer to use to access the Internet?- Millennials ..... 65 
Figure 3.15 What methods would you prefer to use to access the Internet? ......................... 66 
Older Adults .......................................................................................................................... 66 
3.5 Digital Literacy ................................................................................................................... 66 
3.6 Access to Technology ......................................................................................................... 67 
3.7 E-Health .............................................................................................................................. 67 
Chapter IV: Discussion and Conclusion ................................................................................... 69 
4.1 Hypothesis One ................................................................................................................... 71 
4.2 Hypothesis Two................................................................................................................... 72 
4.3 Hypothesis Three................................................................................................................. 73 
4.4 Study Strengths ................................................................................................................... 75 
4.5 Study Limitations ................................................................................................................ 76 
4.6 Directions for Future Research and Implications for Public Health ................................... 78 
DIGITAL DIVIDE AND GENERATIONS      
xi 
 
4.7 Summary and Conclusion ................................................................................................... 78 
References ................................................................................................................................. 80 
Table of Appendices .................................................................................................................... 83 
Appendix A: TCPS Core Certificate ......................................................................................... 84 
Appendix B:  Letter of invitation to participate in research investigation ................................ 85 
Appendix C: List of Senior Community Centres in the Durham Region of Ontario ................ 86 
Appendix D: Site Letter of Permission ..................................................................................... 87 
Appendix E: Recruitement Poster ............................................................................................. 88 
Appendix F:  Consent form ....................................................................................................... 89 
Appendix G: Time line for completion of study ....................................................................... 92 
Appendix H:  Demographic and E-health use questionnaire .................................................... 93 
Appendix I: Thank You Letter ................................................................................................ 101 
Appendix J: Ethical Approval REB File# 15340 .................................................................... 102 
Appendix K:Approval Emails from Seniors Centres and Retirement Residences ................. 104 
 Figure 1: Approval Email From St. Andrews Friendship Centre ....................................... 104 
Figure 2: Approval Email from South Pickering Seniors Club ........................................... 104 
Figure 3: Approval Email from Oshawa Seniors Citizens Centre....................................... 105 
Figure 4: Approval Email from Orchard Villa Retirement Residence ................................ 105 
Appendix L: Poster Presentations and Abstracts .................................................................... 106 
Figure 1: Poster presented at Oxford University, UK and at the Royal College of Physicians, 
UK ....................................................................................................................................... 106 
Figure 2: Acceptance Email for Poster Presentation at Oxford University, UK ................. 107 
Figure 3: Poster Presentation Certificate at Oxford University, UK ................................... 107 
Figure 4: Poster Presentation Acceptance at the Royal College of Physicians, UK ........... 108 
Figure 5: Programme at the Royal College of Physicians, UK ........................................... 109 
Figure 6: Publication on the European Healthcare Design Website ................................... 110 
Appendix M: Publication in the South Asian Journal of Nursing and Healthcare ................. 111 
Appendix N: Curriculum Vitae ............................................................................................... 118 




DIGITAL DIVIDE AND GENERATIONS      
xii 
 
Table of Figures  
Figure 1.1 Hierarchical Chart of Study Ranks ...................................................................... 20 
Figure 1.2 Flowchart of Systematic Review Search Methods ............................................... 21 
Figure 3.1 Location of Residence for Older Adults .............................................................. 51 
Figure 3.2 Location of Residence for Millennials ................................................................. 51 
Figure 3.3 Marital Status for Older Adults ............................................................................ 52 
Figure 3.4 Marital Status for Millennials .............................................................................. 52 
Figure 3.5 Level of Education for Older Adults .................................................................... 53 
Figure 3.6 Education Level for Millennials ........................................................................... 54 
Figure 3.7 Average Household Income for Older Adults ..................................................... 55 
Figure 3.8 Average Household Income Level for Millennials .............................................. 55 
Figure 3.9 Current Employment Status for Older Adults ...................................................... 56 
Figure 3.10 Current Employment Status for Millennials ...................................................... 56 
Figure 3.11 Current Overall Physical Health for Older Adults ............................................. 57 
Figure 3.12 Current Overall Physical Health for Millennials ............................................... 58 
Figure 3.13 What do you use the Internet for? ...................................................................... 65 
Figure 3.14 What methods would you prefer to use to access the Internet?- Millennials ..... 65 












DIGITAL DIVIDE AND GENERATIONS      
xiii 
 
Table of Tables 
Table 1.1:  Summary of articles located from PubMed, ERIC, and CINAHL ...................... 23 
Table 3.1 Mean and Standard Deviation of the Cohorts ....................................................... 50 
Table 3.2 Choices for Question 9 divided by age and sex .................................................... 59 
Table 3.3 Choices for Question 10 divided by Age and Sex ................................................. 60 
Table 3.4 Choices for Question 14 divided by Age and Sex ................................................. 61 














































DIGITAL DIVIDE AND GENERATIONS      
15 
 
1.1 Background and Rationale 
 
 The on-line world has the empowering potential for lay individuals and health care 
professionals alike to find health related information that is contextually relevant; to identify peers 
or experts related to various diseases or conditions; to locate local or on-line support groups, and 
to plan for and engage in various preventative actions for change and for health promotion (e.g., 
Eysenbach, 2008; Ferney & Marshall, 2006; Flicke, Maley and Ridgley, 2008; Kreps and 
Neuhasuer, 2010; Robinson and Robertson, 2010).  In fact, Canadians are amongst the most active 
users of the Internet averaging 43.5 hours per week online, compared to the global daily average 
of only 23.1 hours (Canadian Broadcasting Corporation [CBC], 2011).  Similarly, the number of 
broadband subscriptions globally has increased from 1.4 million in 2000 to over 3.6 billion in 2017 
(ICT Data and Statistics Division, 2017).  
Most individuals in developed nations such as Canada use mobile information and 
communication technologies (ICTs) as functional tools in everyday life (e.g., smartphones, 
tablets), and many could not imagine living in a world without daily access to the Internet for 
work, play, shopping, getting directions, and doing their banking. However, in a technologically 
advanced society, it is important to note that not everyone is familiar or comfortable with using 
these technologies (Becker, 2004; Levy, 2003; Morris, 2007; Stanley, 2010). Canadian Internet 
users for the ages of 34 and younger has increased substantially from 72.6 in 2005 to 82.9 in 2009. 
Similarly, Internet users aged 65 and older have also increased as well from 62.8% in 2005 to 
65.9% in 2009 (Statistics Canada, 2013). This trend suggests an increasing acceptance, reliance 
and use of Internet based technologies by older Canadians. It is noteworthy that as of January 
2018, 89% of Canadians surveyed reported using the Internet on a daily basis (Statistica, 2018). 
For example, Statistics Canada (2017) reports that E-commerce retail trade sales alone amounted 
DIGITAL DIVIDE AND GENERATIONS      
16 
 
to over $ 1.8 billion (CDN); and revenue generated within the retail E-commerce market is 
expected to reach almost $29 billion by 2021, up from $18.3 billion in 2016. Hence, public health 
professionals and workers need to be cognizant of these trends and develop E-health based 
technologies and programs that target daily Internet users and trends related to Internet usage. 
“Technology is only as powerful as it is accessible. 
  Broader access brings education, information, and a  
  sense of community that can help combat AIDS,  
  malnutrition, ignorance and neglect.  The power of a 
  connected and enlighted world community is just the 
  beginning”.  Source: Hector Ruiz. Cited in Internet World 
  Stats. Usage and Population Statistics (2018).  
 
Public health services and their delivery can be significantly enhanced through the use of 
innovative and interactive E-health- and/or telehealth-based technologies and interventions that 
are specifically tailored to meet the client’s health care needs (Bartfay & Bartfay, 2018).  E-health 
is defined as “the use of telecommunications technologies and electronic information to exchange 
health care information and to provide and support services such as long-distance clinical health 
care to clients” (Hebdra and Czar, 2013, p. 505). Moreover, the development and employment of 
ICTs have had considerable effects on our daily lives affecting how we work, communicate, shop, 
do business globally, and socially interact on a daily basis.  The term ICTs includes a variety of 
computer-based technology systems and applications for collecting, sending, retrieving and 
processing information, data and communications (Bartfay & Bartfay, 2018; Morris, 2007;  
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1.2 The “Digital Divide” 
Currently, there is a dearth of literature examining the use of E-health-based technologies 
to access health related information, especially from the uniquely Canadian context and 
perspective. The term digital divide is defined as “the gap between ICT ‘haves’ and ‘have-nots’, 
and serves as an umbrella term for many issues, including infrastructure and access to ICTs, use 
and impediments to use, and the crucial role of ICT literacy and skills to function in a digital 
information based society (Aviram & Eshet-Alkalai, 2006; Compaine, 2001; Hinrichsen & 
Coombs, 2014; Millward, 2003; Sciadas, 2000).  This term also refers to the gap between 
demographics and regions that have access to modern information and communications 
technology, and those that don't or have restricted or limited access (Chinn et al., 2004; Norris, 
2001).  Access to technology and the Internet also plays a large part in the way that individuals are 
able to receive and use information. In fact, the Canadian Radio-Television and 
Telecommunications Commission has stated that broadband Internet is an essential service that 
should be delivered to all Canadians equally and adequately (CBC, 2017). Canada has many 
Internet “dead zones” where infrastructure for Internet connection has not been placed due to our 
unique geography and the rural/ urban divide.  As a result, many rural and smaller towns have been 
introducing their own broadband infrastructures to help combat that situation and provide equal 
access to the Internet for all.  
   
1.3 Systematic Review of the Literature 
Despite the growth and the use of Internet based health related websites on various topics 
such as chronic and infectious disease, medications, nutrition and diets, there is currently a dearth 
of information related to who is actually accessing and how they are using these websites. 
Accordingly, a systematic review of the literature was undertaken to identify how E-based health 
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technologies are accessed and used by millennials in comparison to older adults, and to identify 
gaps in the literature and potential directions for future research.    
 
1.4 Methods 
For the purpose of this systematic review of the literature, I examined the following three 
online computer databases: (i) PubMed; (ii) CINAHL, and (iii) ERIC. For further assistance, I 
consulted the University of Ontario Institute of Technology’s reference librarian regarding search 
strategies. Preliminary searches consisted of the key terms “digital divide AND generations”, and 
a combination of different search terms to outline “digital divide and older adults” (ie. Older adults, 
elderly, 65+) as well as for millennials (i.e., young adults, university students, college students). I 
also consulted with the university’s reference librarian, to identify the best possible ways to locate  
my search results. Inclusion criteria included the following: (i) Published quantitative peer-
reviewed articles published between the years January 2009 and May 2018; (ii) articles had to be 
published in English only, and (iii) studies had to focus on the target populations for the review 
compromised of older adults and millennials. Exclusion criteria for the systemic review included: 
(i) Letters to the editor (ii) theory-focused articles, (iii) non-English articles, and (iv) qualitative-
based studies or reports.  
A data abstraction template was employed to assess the suitability of the articles, and was 
compromised of the following information: (i) Type of article (research-based, quantitative, 
system review); (ii) ranking of article in the order listed in Flow Chart II (iii) name of author(s); 
(iv) year of publication; (v) country of origin, and (vi) main outcomes and/or conclusions reached. 
Once potential abstracts were located, articles were read and examined for their suitability. 
Examination followed a multi-level screening in which abstracts were first examined for suitability 
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and relevance, and then continued to screen the full-length article. Following the initial preliminary 
search, multiple follow-up searches were employed using terms such as “65+” such as “elderly”, 
and “senior”, to ensure all potential and relevant articles were identified. Lastly, the reference lists 
for all primary articles located that were deemed appropriate or suitable were also examined for 
potential secondary data sources.    
The retrieved articles were also ranked, according to a seven-point hierarchical system as 
reported by Bartfay and Bartfay (2018, p. 202-204). This ranking system is based off of the 
Cochrane model, in which the studies are based on specific quality criteria (Cochrane Library, 
2020).  Specifically, Level I investigations were regarded as the strongest evidence and studies, 
and consisted of systematic reviews and multi-centred randomized clinical trials (RCTs) or non-
randomized clinical trials.  Level II studies consisted of a single RCT or a single non-randomized 
clinical trial. Level III investigations consisted of a single systematic review of an observational 
and/or correlational-type study.  Level IV investigations consisted of a single observational or 
correlational study. Level V investigations consisted of a systematic review of some laboratory-
based physiological study, descriptive study and/ or a qualitative investigation.  Level VI studies 
comprised on a single laboratory-based physiological study, descriptive study or qualitative 
investigation.  Lastly, Level VII investigations were regarded as the lowest ranking, and were 
comprised of opinions by single individuals in their noted field of expertise and/or expert panels 
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The initial search on PubMed retrieved 505 potential articles. Following that search, inclusion 
criteria was manually applied by clicking the boxes on the left of the screen, which brought down 
the list to 27 articles. After examining for suitability, 23 articles were selected and the data 







Case Control Studies (IV)
Cross-sectional studies (V)
Animal trials and in-vitro studies (VI)
Case reports, opinion papers, and letters to the editor (VII)
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• Jan 2009 to Aug 2018
•n=505
ERIC
• Jan 2009 to Aug 2018 
•n=53
CINAHL

























542 Redundant or non-relevant articles 
Exclusion Criteria: letters to the editor, theory-
focused articles, non-English articles 
 Inclusion Criteria: Published quantitative 
peer-reviewed articles published between the 
years January 2000 and May 2018; English 
only; focus on the target population for the 
review compromised of those aged 65+ and 
millennials only 




The initial search performed on ERIC provided 53 potential articles. Following the 
application of the inclusion criteria, that list was brought down to 11 potential articles. After 
examining for suitability, no articles were found to be suitable for the purpose of this study.  
CINAHL 
The initial search performed on CINAHL provided 14 potential articles. Following the 
application of the inclusion criteria, the list presented 12 hits. After examining for suitability, the 
list was brought down to eight hits, and had the data abstraction tool applied to extract relevant 
data from the study. The reader is referred to Table 1.1 below, which highlights key information 
regarding the studies including authors and country of origin, study design and methods, major 
outcomes and ranking. Studies that were excluded were due to a lack of suitability, did not 
address the topic, or were clinical in nature. Studies were also excluded if they did not meet the 
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Table 1.1:  Summary of articles located from PubMed, ERIC, and CINAHL 
Authors and Country 




Bhuyan, Lu, Chandak, 
et al. (2016)-  
USA  





• 36% of 
respondents 
had health apps  
•  60% reported 
usefulness of 



































Morrell. (2010)-  
USA  






















more active.  
























• The study 
looks to find if 
ICTs (ipads) 
improved the 
lives of older 
adults  





















study in 2013 
in Poland  
 
• 33.05% were 












(2009) –  
Spain  





health in older 
individuals and 






• 709 individuals 
were examined 
in Spain, and 
were compared 














those who are 
non users. 















Internet is not 
a significant 
determinant 
of health in 
older people.  
 
Hong, Cho. (2016)- 
USA 
• 2003 to 2011 
using the 
HINTS survey.  












with doctors.  







those who are 
older, do not 




lagged   
III 
 
Hong, et al., (2017)- 
China  
• Examine the 














Internet in the 
past month 
•  83% owned a 
mobile phone 
• Divide is 
present in 













& Quadrello. (2010)- 
Finland  




















contact is, but 
more letters 
and cards.  
• Grandchildren 








• Research on 
older active 
ICT users 
looks at why 




unable to use 
technology 
• Interviews 




theory is used 
to shed light 







Levy, Janke, Langa. 
(2014)-  
USA 
• Health literacy 
and use of 
Internet for 
obtaining 






































Levy, Janke, & 
Langa.(2014)-  
USA  
• Cross sectional 
survey using 
225 adults to 
examine if HIT 
is able to 
improve 
quality of care 
and health 
outcomes.  




















Baillif, Harvey, & 
Houston. (2015)-  
USA 




• Data collected 
via mail survey 
with a sample 
of 266 veterans 
aged 65+.  







with help to 
access Internet.  
• Older 
individuals 









Donovan, & Pounders 
(2016)- 
 USA  
• 4974 American 
adults were 





• Patients with 
low health 
literacy did 
not use HIT 





• It is important 
to examine 
IV 
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are able to use 
full benefits. 
 
Nguyen, Mosadeghi,  
& Almario. (2017) 
United States of 
America  





• 64.5% stated 
that they used 
the Internet 
within the past 
year.  
• Individuals 





less likely to 





Seifert, & Schelling 
(2016)- Switzerland  
• Examined 





• Those online 
found better 
positive 











literacy is one 







health care.  
 




•  Each subject 




• Unable to find 
out who is 
proficient in 
technology vs 
who is not.  
• Subjects were 
able to 
complete 73% 
of the Internet 
tasks  
•  73% of the 
formal tasks 
















and strategic.  
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1.5 Discussion and Conclusion 
This systematic review specifically targeted investigations with older adults aged 65+ and 
younger adults aged between 18-24 to examine and contrast the two assumed extremes of E-health 
technology usage. Based on my review, I conclude that there is currently a dearth of literature 
examining the digital divide for accessing and using E-health based technologies in general.  
Moreover, to my knowledge, no investigations to date have examined the digital divide for E-
based health technologies between millennials and older adults, especially from the uniquely 
Canadian context and perspective.  There were three major themes that emerged from this 
systematic review of the literature: (i) Age and the digital divide; (ii) privacy concerns, and (iii) 
digital literacy.  I shall discuss each of these major themes in more detail below. 
(i)Age and the Digital Divide  
 Age was found to be one of the major contributing factors in regards to the digital divide 
in a total of 9 articles reviewed (e.g., Delello and McWhator, 2016; Duplaga, 2017; Gracia and 
Herrero, 2009; Hurme et al., 2010; Hong et al., 2017; Kania-Lundholm and Torres., 2015; Levy 
et al., 2014; Luger et al.,2015; Van Deursen et al., 2011). This finding is consistent with those 
previously reported in the literature (e.g., Hesse et al., 2005; Sciadas, 2000; Underhill & 
McKeown, 2008).  For example, Sciadas (2000), reported that Internet access and usage in 
Canada declined dramatically with age, from over 90% for teenagers to less than 5% for adults 
aged 70 years and older. This can be attributed to the reasoning that millennials grew up with 
technology (Hurme et al, 2011; Layne & Nielsen, 2002; Opalinski, 2001), and tend to use 
technology such as social media as sources for communication, socializing and entertainment 
(Becker, 2004; Van Deursen and Van Dijk, 2010). Additionally, technology is largely used in the 
school and work setting to help support regular daily processes, applications and requirements. 
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In regards to those 65+, they were found to be not as familiar with technology (N=9), and only 
utilize technology when actually required (Cresci et al., 2010; Hong et al., 2017; Kania-
Lundholm and Torres., 2015; Levy et al.,2014; Luger et al., 2015; Makoret et al., 2016; Nyugen 
et al., 2017; Seifet and Shelling., 2010; Van Deursen et al., 2011). Those aged 65+ were also 
found to need assistance and/ or guidance to access and use E-health based technologies (Becker, 
2004; Luger et al, 2015; Millward, 2003; Opalinski, 2001). 
A study by Loges and Jung (2001) examined the digital divide and the relationship it has 
it regards to age. The investigators hypothesized that age has a negative association with Internet 
access. The study found that older adults used less Internet-based applications, in comparison to 
younger adults. Similarly, Friemal (2014) reported that individuals aged 65 years and older were 
partially excluded from Internet usage. The studies by Korrupp and Szydlik (2008) and Loges and 
Jung (2011) further suggests that age and the instances of usage often correlate with the level of 
familiarity, fluency and knowledge an individual has with using the Internet.  
(ii) Privacy Concerns 
A total of 2 studies reviewed identified that privacy concerns were one of the main 
deterrents of technology usage for elderly individuals aged 65 and over (Bhuyan et al., 2016; 
Makkert et al., 2016). The older adult generation feels that privacy is one of their major concerns, 
especially in regards to how personal data may to collected, employed and/or sold to third party 
individuals by Internet and website developers.  By contrast, it appears that younger adults are 
more willing to reveal personal information (e.g., age, sex, location), and are less concerned about 
privacy issues per se (Hinrichsen & Coombs, 2014; Morris, 2007; Stanley, 2010).    
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It is notable that the terms and conditions that were outlined in E-health related apps, for 
example, were often difficult to read (i.e., small font size), and technical terms were often 
employed. (Bartfay & Bartfay, 2018; Caldwell, Slatin & Vanderheiden, 2008; Eysenbach & 
Kohler, 2002).  For example, Obar aand Oeldorf-Hirsch (2016) note that online users tend to 
agree to terms of services and privacy policies 93% and 97% of the time, respectively. This is a 
cause for concern as the privacy policy and the terms of service should have taken between 29 
and 32 minutes to read, which did not happen with the majority of participants (N=543) in this 
investigation (Obar aand Oeldorf-Hirsch, 2016).  Hence, it is not surprising that  older adults 
often note that the terms and conditions are often long and technical in nature, which  serve as 
deterrents from using E-health based apps (e.g., to measure their heart beat and steps per day 
taken) (Layne & Nielsen, 2002; Morris, 2007; Stanley, 2010).  
(iii) Digital Literacy 
Digital literacy is defined as the ability to find, evaluate, produce and communicate clear 
information through writing and other forms of communication on various digital platforms and 
devices such as smartphones, tablets, laptops and desktop PCs (Aviram & Eshet-Alkalai, 2006; 
Hinrichsen & Coombs, 2014).  Digital literacy also showcases an individual's grammar, computer, 
writing, and typing skills on platforms, such as social media and blog sites. While digital literacy 
has historically focused on digital skills and stand-alone computers, its focus has shifted to network 
devices including the Internet and use of social media over the past few decades. For example, 
community-centres and libraries play an important role in helping older adults overcome their 
resistances to accessing and employing Internet-based technologies to achieve computer literacy; 
however, they are presently underutilized resources by older adults (Millward, 2003; Stanley, 
2010).  Morris (2007) reports that perceived barriers for E-literacy for older adults include lack of 
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interest, feeling too old, fear of new technology, lack of access to IT, lack of IT skills and 
experience, cost, concerns about security, and problems associated with disability (Morris, 2007; 
Statistics Canada, 2016).   
1.6 Implications for Public Health 
As the Internet is becoming the epitome of modern communications, there are many 
pragmatic reasons why the digital divide matters in terms of accessing and using E-health based 
technologies. Indeed, technology usage has widely been associated with those in the millennial 
generation, who are defined as individuals born between the years of 1981 to 2000 (Pew Research 
Center, 2018). Milestones of their generation include the rise of technology such as smartphones 
and tablets, social media, as well as entering the work force during the economic recession (Pew 
Research Center, 2018). Most millennials in today’s day would be between the ages of 18 and 37.  
Conversely, older adults are here defined as those born between 1946 and 1965, and would be 
between the ages of 54 and 72.  
With the rise of technology usage globally, those in the older adult generation may not be 
as familiar and comfortable with technology usage, and are thus put at a disadvantage compared 
to other generations such as millennials when examining and using E-health based platforms and 
technology (Eastman & Lyer, 2004; Hesse et al., 2005; Millward, 2003; Morris, 2007). Sciadas 
(2000), for example, reports that Internet access and usage in Canada declines dramatically with 
age, from over 90% for teenagers to less than 5% for adults aged 70 years and older.  Indeed, older 
adults are not online as much and often prefer traditional methods such as pamphlets, booklets 
and/or face-to-face contact with their health care providers (e.g., physician, nurse practitioner, 
pharmacists) to obtain their health information. For example, Hesse et al., (2005) reported that 
although study participants viewed physicians as the most credible source for health information; 
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only 48.6% reported using the Internet first, while only 10.9% consulted with their physician first.  
Underhill and McKeown (2008) found that higher educated older women and those with higher 
incomes were more likely to search for health-related information online; whereas young adult 
men were the least likely to perform Internet-based searches.  
Although these aforementioned methods and resources (e.g., pamphlets, booklets, primary 
health care provider) are valid ways to receive information, those who are 65+ are at a disadvantage 
when the online world provides them with significantly more up-to-date resources, such as Health 
Canada, Public Health Canada, government and not for profit NGO websites. These websites are 
able to provide a plethora of information for individuals who may be experiencing ailments that 
could be treated at home or over the counter. By accessing these online resources, these individuals 
are able to save time and health care expenses by potentially avoiding unnecessary trips to their 
health care provider or emergency room.  
Practically speaking, identifying how newer E-health based technologies can be integrated 
into society and identifying why there is a gap with digital technology will help reduce the impact 
of the digital divide on generations and individuals who are not as familiar with technology and 
Internet usage. The largest concern of all is how to prepare older adults for new and emerging E-
health technologies. Older adults are just at 65.9% of the population who use technology, whereas 
the millennials are almost fully integrated at 98% (Statistics Canada, 2016). With the increasing 
costs of healthcare, learning how to use technology can help support many older adults with their 
health care needs and also reduce associated costs. With the proper support, older adults can learn 
how to use technology to improve their quality of life and reduce health care spending costs at the 
same time.  
Since older adults represent a large and growing sector of the Canadian population it is  
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disconcerting that a high proportion of older adults do not use the Internet and therefore lack E-
literacy skills (Becker, 2004; Burwell, 2001; Eastman & Lyer, 2004; Layne & Nielsen, 2002). 
Although there is some evidence of the digital divide closing, the “silver surfer” is currently a 
rare breed, which is unfortunate given that, as a technology that can be accessed from inside the 
home or anywhere on the go, the Internet has enormous potential to benefit the lives of older 
adults and their health related quality of life (Morris, 2007; Opalinski, 2001). Indeed, we live in a 
society where information and knowledge is power. Hence those without Internet access are 
increasingly being recognized as the “health information poor” (Eastman & Lyer, 2004; Morris, 
2007).  
Taken together, the digital divide reflects a combination of factors; which including issues 
of access opportunities, skills, perceived needs, attitudes and overall lifestyle preferences. 
Nonetheless, one may argue that this is quite consistent with many technologies in their early 
stages of adoption.  The importance of e-Health technologies can be seen during pandemics such 
as COVID-19, where many hospitals, clinics, and health care professionals are transitioning to 
using e-Health based technologies to assist their patients better. Accordingly, this thesis seeks to 
examine barriers to access and use of new E-health based technologies by millennials and older 
adults in Ontario, Canada.   
Based on the systematic review of the literature, I have formulated 3 research questions 
and hypotheses that I will critically examine in my investigation, which are detailed below.  The 
reader is referred to Chapter 3 for a detailed discussion on the specific design and methods that 
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1.7 Research Questions 
 
  1. Is there a digital divide between millennials and older adults in the Durham Region of Ontario, 
Canada?  
2. How do millennials prefer to get their health related information?  
 3. How do older adults prefer to get their health related information?  
 
1.8 Research Hypotheses 
 
  1.  Older adults will report decreased usage and preference for obtaining their health related 
information through Internet and E-health websites, in comparison to millennials.  
  2.  Older adults will report increased levels of reluctance to use Internet and E-health websites, 
in comparison to millennials. 
  3.  Older adults will report a preference for verbal (ie. Throughout a primary health care 
provider, pharmacist) and conventional (ie. Written) sources for obtaining their health related 
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2.1 Study Design and Methods 
A convenience non-random descriptive comparative study was conducted to identify the 
digital divide between millennials and older adults in Ontario, Canada.  Information was collected 
based on (i) age; (ii) health information collection, usage and distribution; (iii) E-health usage; (iv) 
digital literacy levels, and (v) use and access to E-based technologies (see Appendix H). 
Millennials were defined as individuals aged between 18 and 24 years; whereas old adults were 
defined as individuals aged 65 years and older. This study employed a questionnaire with various 
questions and a visual analog scale from 0 to 4 to examine respondents’ familiarity to technology. 
This questionnaire was self-developed, and some questions were based off the MICTUHOS 
(Mobile Information and Communication Technologies (ICTs) Use and Health Outcomes Study) 
that is currently in progress at Ontario Tech University. 
A descriptive study was employed to assist in analyzing trends, such as any increase or 
decrease in technology access and usage. Additionally, a descriptive study was chosen because it 
would assist with health care planning, which can further enhance the Canadian medical care 
system by providing various avenues for policy change (Grimes and Shulz, 2002). Some noted 
strengths of descriptive studies are that the data is often available and will be both efficient and 
inexpensive to utilize (Grimes and Shulz, 2002). There are also few, if any, ethical difficulties 
related to descriptive studies by convention (Grimes and Shulz, 2002). Some limitations of 
descriptive studies include temporal associations between causes and effects that could be unclear, 
as well as the risk of casual inferences being inferred when there could be none (Grimes and Shulz, 
2002). Non-random convenience-type sampling was ideal for this study to obtain results from the 
two cohorts of interest (millennials and older adults) whilst maintaining the integrity of the study 
through application of the exclusion criteria.  
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The independent variables examined were age, digital literacy, level of education, and 
socioeconomic status (SES). Similarly, the dependent variables were the usage of E-health and age 
of E-users. In regards to the data collection instruments, there were seven questions based on 
demographics (ie. Age, sex, location of residence, etc), seven questions related to physical health, 
three questions related to mental health, four questions related to Internet usage, four questions 
related to digital literacy, and five questions related to E-health.  
2.2 Recruitment of Participants   
Millennials consisted of undergraduate students recruited from the University of Ontario 
Institute of Technology (Ontario Tech University) located in Oshawa, Ontario, Canada; Older 
adults were recruited from senior centres located and/or senior retirement facilities care facilities 
for older adults in Durham Region (see Appendix C). The older adult care centres that partook in 
the study were: St Andrews Friendship Centre, South Pickering Seniors Centre, Oshawa Senior 
Citizens Club, and Orchard Villa Retirement Residence. All consents from the seniors centres’ can 
be seen in Appendix K. According to the Durham Region Health Department (2019), older adults 
currently consist of 142,619 people who reside in the area. The care facilities in Durham region 
were sent electronic posters that outlined the purpose of the study (see Appendix D & E). Potential 
subjects subsequently contacted the graduate student through emails, and arrangements for a date 
for visiting were formalized. Informed written consent was obtained from all study participants 
(see Appendix F), and this study received ethical approval from the University under REB File# 
13540 (See Appendix K). Following completion of the data collection, the older adult care homes 
were sent thank you letters for their participation in the study (see Appendix I). This study also 
conformed to Tri-Council standards (See Appendix A). The initial timeline estimation for 
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completion of data collection, analysis and the writing of the formal thesis proposal was 8 to 12 
months to complete, following approval by REB (see Appendix G for timeline).  
2.3 Data Analysis 
Data was coded and entered into a Microsoft Office Excel file™ for storage, quality 
assurance checks for data entry accuracy, and for data analysis. Data analysis consisted of both 
descriptive and inferential statistical analysis using R i386 Version 3.4.3. (R Core Team, 2013), 
and RStudio Version 1.2.5042 (RStudio Team, 2015). Both R and RStudio are open source 
software that are free to users. Description statistics included mean, standard deviation, frequency 
counts and/or percentages.  The key dependent variables were internet usage, e-health and ICT 
usage, as well as digital literacy. The key independent variables in this study were age, sex, 
physical and mental health and access to technology. Inferential data analysis consisted of paired 
T-tests to determine if a significant difference between the sample means exists.  A t-test is a type 
of inferential statistic which is used to determine if there is a significant difference between the 
means of two groups, which may be related in certain features (Norman and Streiner, 2014). 
Categorical data was analyzed using the Chi-square procedure. The Chi-square test is intended 
to test how likely it is that an observed distribution is due to chance. It is also called a "goodness 
of fit" statistic, because it measures how well the observed distribution of data fits with the 
distribution that is expected if the variables are independent (Norman and Streiner, 2014). A p-
value of 0.5% was deemed significant a priori for all inferential data analysis.   Post-hoc analysis 
used Bonferroni’s. Bonferroni’s post-hoc analysis corrects for multiple comparisons (Armstrong, 
2014).  
These tests are ideal for this study as I was examining two cohorts (millennials and older 
adults) in this study. Measures such as mean, SD, median, mode, and ranges were all calculated 
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for the independent variables. Demographic data such as income, education level, marital status, 
city of residence, and current working status were reported via descriptive statistics. Inferential 
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3.1 Demographic Results 
 This chapter provides an overview of the demographics of the participants in the 
completed study. There was n=67 participants in total, with n=11 as millennial males, n=28 as 
millennial females, n=8 as older adult males, and n=20 as older adult females. Question 1 of the 
questionnaire examined the age of the participants, with the mean and standard deviation of the 
participants displayed in the Table below. The mean age for millennials was 21.2 (SD=1.8). The 
mean age for older adults was 70.3 (SD=11).  
Table 3.1 Mean and Standard Deviation of the Cohorts 
 Mean Standard Deviation 
Millennials (M) 21.2 1.8 
Older Adults (OA) 70.3 11.0 
Question 2 of the questionnaire examined the sex of the participants.  Specifically, n=11 
were millennial males, n=28 were millennial females, n=8 were older adult males, and n=20 
were older adult females. Question 3 of the questionnaire examined the residence of the 
participants, which is portrayed in the figure below. According to the graph, the majority of the 
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Figure 3.1 Location of Residence for Older Adults 
 
Figure 3.2 Location of Residence for Millennials   
 
Question 4 of the questionnaire examines the marital status of the participants, which is 
portrayed in the figure below as a bar graph. The graphs below show that for older adults, there 
were an equal number of married individuals (n=7) for both males and females. N=7 females 
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were also widowed. For the millennial cohort, the majority of respondents were single (n=27, 
n=11), respectively. One individual was in a common law relationship.  
Figure 3.3 Marital Status for Older Adults 
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Question 5 examined the formal education level obtained by the participants, which is 
portrayed in the figure below as a bar graph for easy visualization. For older adults, the majority 
of female respondents (n=11) had a high school diploma. However, more males (n=4) had a 
professional or graduate school degree. For millennials, N=16 females responded that they had a 
high school diploma. N=6 females responded that they had a university graduate degree. This 
was an expected outcome, especially given that millennial respondents were recruited from 
Ontario Tech University. 
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Figure 3.6 Education Level for Millennials  
 
Question 6 examined the average household income, which is portrayed in the figure 
below as a bar graph for visualization. Older adult females (n=9) reported an average household 
income of $10,000-20,000. It is important to note that many older adult respondents refused to 
answer this question on the account that it was deemed “too personal” in nature to divulge.  
The majority (N=7) of millennial female respondents reported that they have an average 
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Figure 3.7 Average Household Income for Older Adults 
 
Figure 3.8 Average Household Income Level for Millennials 
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Figure 3.9 Current Employment Status for Older Adults 
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3.2 Physical Health  
This section examines the physical health of all the participants of the study. Question 8 
examined the current perceptions of respondents overall physical health. The mean answer 
chosen for millennials was 2.6 out of 4, which ranks between satisfactory and very good, 
whereas the mean answer chosen for older adults was 2.5 out of 4, which also ranks between 
satisfactory and very good. It is interesting to note that females had a mean answer of 2.9 out of 
4, and males had a mean answer of 2.5 out of 4; however, this was found to be statistically non-
significant in nature (p = 0.13).  
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Figure 3.12 Current Overall Physical Health for Millennials  
 
Question 9 of the questionnaire examined how many days per week participants 
participated in physical activity on average. The question was asked in a multiple-choice format, 
with options ranging from 0 days to 7 days. To evaluate this, the chi-square test was employed to 
compare the age of the participants with the answer they chose. The p-value was found to be 
0.09, deeming the result as not significant. The sex of the individuals was also compared with the 
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Table 3.2 Choices for Question 9 divided by age and sex  












Millennials 1 2 8 9 11 6 0 2 
Older Adults 4 4 2 4 6 2 1 5 
Males 2 0 3 2 5 3 1 3 
Females 3 6 7 11 12 5 0 4 
 
Question 10 examined how long a participant engaged in regular physical activity per 
session. This question was asked in a multiple-choice format, with options ranging from 0-15 
minutes to 1 hour or more. The p-value obtained was 0.02, and was thus deemed significant. 
Following the chi-square, a post hoc test was undertaken, and was found that option D (45-60 
mins) and option E (60 mins+) were the most statistically significant option for both millennials 
and older adults with a p-value of 0.05.  The test was examined again, this time using sex as an 
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Table 3.3 Choices for Question 10 divided by Age and Sex  








E-1 hr (60 mins) 
or more 
Millennials 3 5 9 14 8 
Older Adults 4 9 7 4 1 
Males 3 1 4 7 3 
Females 4 13 12 11 6 
 
Question 11 examined the overall health-related quality of life. To examine this question, 
a Likert-type scale was used, with options ranging from 0 to 4, 0 being very poor and 4 being 
excellent. To examine the data, a student’s t-test was employed, which was not found to be not 
significant (p = 0.81). The same data set was then re-examined using sex as the independent 
variable, and was found to be significant (p < 0.05), deeming that females reported higher 
amounts of health-related quality of life compared to males.  
Question 12 examined how long a participant was sedentary per day, with options 
ranging from 0 to more than 10 hours a day. To examine this, a chi square test was used. First 
comparing age with how often someone was sedentary, the p-value was found to be 0.24, which 
was not statistically significant. The same comparison was used with sex as the independent 
variable, and was found to be 0.19, which was also not significant in nature.  
Question 13 examined how much sleep a participant was getting on average during the 
work or school week. The question used multiple choice with options ranging from 0 to 2 hours, 
to 10+ hours. When comparing age with how much sleep a participant was getting during the 
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week, the p-value was found to be 0.52 via chi-square analysis. Similarly, sex was also compared 
and the p-value was found to be 0.64, which is also not statistically significant.  
Table 3.4 Choices for Question 14 divided by Age and Sex  
 Option 1 
0 to 2 hours 
Option 2 
2-4 hours 





 8-10 hours 
Option 6 
10+ hours 
Millennials 0 0 1 16 9 8 
Older Adults 0 0 4 15 7 0 
Males 0 0 1 5 5 7 
Females 0 0 4 26 11 1 
 
Question 14 examined how much sleep a participant was getting during the average 
weekend.  This question also used multiple choice with options ranging from 0 to 2 hours to 10+ 
hours. When comparing age, the p-value obtained via chi-square analysis was 0.02, which was 
deemed statistically significant. Following this test, a post-hoc analysis (Bonferroni) was 
undertaken for multiple comparisons, and option 6 (10+ hours) was found to be the most 
significant at a value of 0.00. This means that millennials ranked that they got more sleep on 
weekends comparison to older adults. The question was then re-examined using sex as the 
independent variable, with a p-value of 0.00. This was deemed statistically significant, and was 
followed up with a post-hoc analysis (Bonferroni’s).  During the post-hoc, it was found that 
option 4- 6 to 8 hours (p< 0.01) and option 6- 10+ hours (p< 0.001) were statistically significant. 
Females were choosing option 4 more, in comparison to males who chose option 6 more.  
 
DIGITAL DIVIDE AND GENERATIONS      
62 
 
3.3 Mental Health  
Question 15 examined the current stress level that the participants were experiencing. 
This question utilized a Likert-type scale with options ranging from 0 as very poor to 4 as 
excellent. The student’s t-test was utilized with a p-value of <0.05 deemed as significant. When 
comparing age with the current stress level, the p-value was found to be 0.17.  The same t-test 
was then undertaken using sex as the independent variable, where a p-value of 0.51, which was 
very close to reaching statistical significance.  
Question 16 examines the stress reducing behaviours that the participants have been 
partaking in. This question was open-ended, so participants could answer with anything they saw 
fit. To examine the significance, a student’s t-test was utilized with a p-value of 0.05 deemed as 
significant. When comparing age with the current stress level, the p-value was found to be 0.09, 
which was not statistically significant. The same t-test was then undertaken using sex as the 
independent variable, where a p-value of 0.57 was found. This was not statistically significant. 
Question 17 examines how the overall mental health and well-being of the participants is 
for the day of the survey. The question was portrayed as a Likert scale with options ranging from 
0 as very poor to 4 as excellent. To examine the significance, a student’s t-test was utilized with 
a p-value of 0.05 deemed as significant. When comparing age with the overall mental health and 
well-being, the p-value was found to be 0.14, which was not statistically significant. The same t-
test was then undertaken using sex as the independent variable, where a p-value of 0.10 was 
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3.4 Internet Usage 
Part IV examines the internet usage of the participants. As each question was examined 
separated through both age cohort and sex, the figure below will portray that, in addition to the 
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0.52 No N/A 
Q 19: On 
average, 
how many 
hours do you 
use/ access 
the internet 









0.95 No. N/A 
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Figure 3.13 What do you use the Internet for? 
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Figure 3.15 What methods would you prefer to use to access the Internet?  
Older Adults  
 
3.5 Digital Literacy  
       Part V of the questionnaire examined the digital literacy levels of the  
individuals who participated in this investigation. Digital literacy is the level of comprehension  
an individual has towards technology (Aviram & Eshet-Alkalai, 2006).  Question 22  
seeked to assess the familiarity of technology for each participant, which was evaluated via a  
Likert-type scale format. To examine these findings, the Chi-squared test was utilized to  
compare age with the respondent’s familiarity towards technology. The test yielded a result of 0.
00 (3.065e-05), which is statistically significant. Bonferroni’s test was undertaken next, which  
yielded for option 1 a p-value < 0.001,and for option 5 a p-value of < 0.001. The question was  
then examined again, this time using sex as the independent variable, which yielded a p-value of 
0.03. When correcting for multiple comparisons, option 1 (p-value of < 0.01) showed up as being 
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 Question 23 examined the respondent’s understanding and knowledge about how to acc
ess health related information via the Internet. The t-test comparing age yielded a result of  
p <  0.001, which was deemed to be statistically significant. The t-test was undertaken a second  
time to examine sex with the results from question 23. This yielded a p-value of 0.38. 
 Question 25 examined the how comfortable participants were in terms of using new tec
hnologies. The t-test comparing age yielded a result of  p < 0.0001, which found to be highly stat
istically significant. The t-test was undertaken a second time to examine sex with the results from 
question 23. This yielded a p-value of 0.72, which is not statistically significant. 
 
3.6 Access to Technology  
 Part VI of the questionnaire examined the respondent’s current use and access of  
technology.  Please note that Question 28 was omitted as it was a repeat of question 21. Question 
26 examined whether an individual currently has (i.e., responded YES) or has no  
(responded NO) access to technology and ICT. 26 millennials answered “yes”, and one  
millennial answered “no”. 17 older adults answered “yes”, whereas 5 older adults answered “no” 
(p = 0.11). Two adults did not answer The Chi- test was also employed to examine sex as an inde
pendent variable. 33 females answered “yes”, whereas 5 females answered “no”. Similarly, 10 m
ales answered “yes” and one male answered “no” (p =0.10).  
3.7 E-Health  
 Part VII examined the respondents’ access, use and understanding of E-health-based  
technologies. Question 29 examined whether or not participants felt comfortable using and  
accessing E-health based systems, and was assess via a Likert-type scale.  This yielded a p-value 
of <0.01, which was deemed to be statistically significant. The t-test was also employed to  
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examine sex as the independent variable, which yielded a non significant p-value of 0.40.  
 Question 30 assessed whether or not felt comfortable using and accessing E-health  
based records online, such as blood tests. Results for this question yielded a p-value of < 0.01,   
which was deemed to be statistically significant. The t-test was repeated using sex as the  
independent variable, which resulted in a non-significant p-value of 0.40. 
Questions 31 to 33 inclusive, sought to illicit information regarding the preferred method 
for obtaining health related information, and ranked typed of sources personally preferred from 
most preferred (1) to least preferred (6). Chi-square analysis revealed that  option (i.e.,  primary 
health provider), was found to be statistically significant with a p-value of 0.02. Additionally, 
respondents who ranked Ontario Telehealth higher up on their preferred list, was also found to be 
statistically significant (p < 0.001). When asked how respondents prefer to get their information 
on the Internet, a statistically significant number of individuals (p <0.001) responded that they 
use search engines. Additionally, a significant number of individuals (p=0.05) responded that 
they accessed their own E-health records. Lastly, respondents were asked how they prefer to get 
their information via printed sources (e.g., brochures). Obtaining information from a nurse was 
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 The aim of my thesis was to examine the impact of the digital divide on the use and 
access to E-health based information on millennials and older adults in Ontario, Canada. The 
results of the study support the common conviction and reasoning that older adults are lacking in 
digital literacy, access, and use of ICTs (information communication technologies).  One may 
argue that in our current technologically driven society, this may result in knowledge gaps and 
potentially lower quality of life in relation to their physical and mental health. This study is novel 
and unique because, to my knowledge, this is the first Canadian study to examine the digital 
divide between older adults and millennials in terms of accessing and using e-health based 
technologies and Internet based technologies (ICTs).  
It is noteworthy that Canadians are the most active users of the Internet worldwide at an 
average of 43.5 hours per week online (global average = approx. 20 hours/ wk), which illustrates 
the impact and dependence that technology is having on our society (Canadian Broadcasting 
Corporation [CBC], 2011). In fact, Canadian Internet users for the ages of 34 and younger has 
increased substantially from 72.6 in 2005 to 82.9 in 2009. Interestingly, Internet users aged 65 
and older have also increased from 62.8% in 2005 to 65.9% in 2009 (Statistics Canada, 2013), 
but remains lower in terms of access and usage in comparison to millennials still. Moreover, as 
of January 2018, 89% of Canadians surveyed reported using the Internet on a daily basis 
(Statistica, 2018).  Nonetheless, this trend suggests an increasing acceptance, reliance and use of 
ICTs by older Canadians. Indeed, the increased use of E-health and/or telehealth-based 
technologies, which are used to meet the healthcare needs of a client could support many older 
adults without having to leave the comfort of their home (Bartfay & Bartfay, 2018). Moreover, 
the development and employment of ICTs has had considerable effects on our daily lives 
including how we work, communicate, do banking and our taxes, shop, do business globally, and 
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socially interact on a daily basis.  However, a barrier to this is the digital divide, which is the 
metaphorical gap used to describe the “haves” and “have-nots”, and is considered to be an 
umbrella term to identify several socioeconomical, geographical, educational, and usage gaps 
(Aviram & Eshet-Alkalai, 2006; Compaine, 2001; Hinrichsen & Coombs, 2014; Millward, 2003; 
Sciadas, 2000).  In sum, my thesis sought to analyze these gaps by comparing the millennial and 
older adult cohort, and to examine the differences between the usage and access to ICTS and 
how they impact the respondents: (i) physical health; (ii) mental health; (iii) access to 
technology; (iv) digital literacy, and (v) E-health.  
4.1 Hypothesis One  
 This hypothesis predicted that older adults would report decreased usage and preference 
for obtaining their health-related information through the Internet and E-health websites, in 
comparison to millennials. The results obtained from this investigation support this hypothesis. 
As discussed in Chapter 3, each question was examined by looking at the respondent’s age 
cohort and also by sex. Finding from this investigation suggest that older adults do not have a 
strong understanding of E-health, which would translate into them preferring more traditional 
methods of obtaining information, such as through the physician or written format (e.g., 
pamphlets and brochures contained in a pharmacy or clinic).  
 This finding is consistent with the study by Sciadas (2000), where it was reported that 
Internet access and usage in Canada declined dramatically depending on the age of the 
individual. Over 90% of teenagers used the Internet, in comparison to the less than 5% for adults 
aged 70 and older. Similarly, Loges and Jung (2001) also reported that age had a negative 
association with Internet usage. In their study, they found that older adults used less Internet-
based applications, in comparison to younger adults. I wish to point-out that these 
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aforementioned studies did not specifically examine the respondents use or access to e-health 
based technologies per se.  Hence, my study is novel and unique due to this added dimension, 
and which sheds preliminary light on a noted gap in the empirical health literature. Indeed, one 
may argue that as older adults do not use the Internet as much, this would also translate into a 
decreased understanding of digital literacy and E-health usage.  
4.2 Hypothesis Two  
The second hypothesis that older adults would report increased levels of reluctance to use 
the Internet, and E-health websites, in comparison to millennials. Based on the results obtained 
from this preliminary investigation, this hypothesis was partially supported.  Specifically, when I 
examined the concept of access to ICTs for older adults, a statistically significant result was 
obtained. However, it is important to note that when examining how familiar the two cohorts 
were with technology, the result was not found to be statistically significant.  
Although it appears that older adults are beginning to use, access and feel comfortable 
using the Internet and ICTs for e-health applications and purposes, there remains critical barriers 
and challenges that have to be overcome still.  Statistics Canada (2016) reports that older adults 
comprise 65.9% of the population who use ICTs, whereas the millennials are almost fully 
integrated users of ICTs at 98%.  Morris (2007) reports that there are several perceived barriers 
for E-literacy for older adults, which include a lack of interest, feeling too old to learn new 
things, fear of new technology, lack of access to ICTs, lack of computing skills and experience, 
costs for equipment and Internet services, concerns about privacy and security, and problems 
associated with disabilities (e.g., visual, auditory, physical or mental).   
Similarly findings were also reported by Hong and Cho (2016), which examined four 
online behaviours: (i)seeking health information; (ii) buying medicine; (iii) connecting with 
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individuals who have similar health problems, and (v) communicating with their physician. In 
their study, they found that the digital divide was present if the individual is older, does not have 
a high school education, and has a low-income level (Hong and Cho, 2016). 
Levy and coworkers (2014) also examined perceptions of older Americans aged 65 plus 
(N = 824) in regards to their e-health literacy on the digital divide between older and younger 
American adults. Results from their study revealed that only 9.7% of individuals with a low 
health literacy used the internet to access health information, in comparison to 31.9% of 
individuals who had higher health literacy levels. The authors argue that older American adults 
are still reluctant to access and use the Internet and E-health to obtain health-related information.  
In my study, I was interested in making comparison between two key cohorts. Notably, 
millennials who were perceived to be high end users of e-health based technologies and ICTS, 
and older adults who were perceived to be low end users based on the available empirical 
evidence reviewed in Chapters 1 and 2.  The results from my investigation support this 
contention and hypothesis.  
4.3 Hypothesis Three  
The third hypothesis predicted that older adults would report a preference for verbal and/ or 
conventional sources (e.g., physician, nurse, printed brochures) for obtaining their health-related 
information, in comparison to millennials. Finding from my investigating partially supported this 
hypothesis.  Interestingly, both older adults and millennials reported that they preferred to 
verbally consult with their primary physician as their primary source of health-related 
information. Respondents were also asked how they prefer to gain access to their medical 
information online (e.g., blood tests, diagnosis of a condition or disease).  Not surprisingly, a 
significant number of millennials ranked using search engines as either their primary or 
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secondary source, in comparison to older adults. Results from my investigation found that older 
adults did not feel as comfortable in terms of accessing their health-related information online, in 
comparison to millennials.  These findings are also supported by a study by Van Deursen and 
colleagues (2011) who reported that older adults aged 65+ were not as familiar and comfortable 
accessing on-line technologies and information. Hesse et al., (2005) reported that their study 
participants viewed physicians as the most credible source for health information; only 48.6% 
reported using the Internet first, while only 10.9% consulted with their physician first.  Similarly, 
Loges and Jung (2001) reported that age was negatively associated with Internet access and use.  
Specifically, older adults used less Internet-based applications in comparison to younger adults.  
One interesting finding from my study was that older adults felt comfortable and had 
reported a noted preference for contacting Ontario’s Telehealth services. Telehealth is a 
confidential, free telephone-based healthcare service that is available 24/7 (Government of 
Ontario, 2020).  Anyone can access the service to reach a registered nurse, who will identify the 
best course of action for an individual’s specific ailment (Government of Ontario, 2020).  This is 
an important finding because it suggests that older adults feel comfortable accessing e-health and 
telehealth services, providing there is a “person” (e.g., nurse or physician) they can actually 
speak with and seek information and clarification on health-related matters.   Indeed, Telehealth 
services in Ontario help to address issues surrounding confidentiality and privacy, which are 
major concerns of older adults and perceived barriers for accessing and using e-health based 
technologies per se.  Similarly, findings have been reported by Bhuyan et al. (2016), and 
Makkert et al. (2016), for examples, who have identified confidentiality and privacy concerns as 
major deterrents for the use of ICTs by adults aged 65+. 
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4.4 Study Strengths  
This investigation had several strengths, which I wish to highlight in this section.  For 
example, this descriptive and comparative study was cost-effective and relatively easy to 
complete within a reasonable time frame, in comparison to other study designs (e.g., longitudinal 
prospective or retrospective study). This study is the first Canadian study, to my knowledge, to 
examine the digital divide and its’ impact on older adults and millennials in regards to their e-
health information and ICT access and usage. Although I most acknowledge that the focus of this 
study was limited to residents in the Durham Region, Ontario, and may not be applicable to all 
Canadians or situations across Canada (e.g., rural versus urban populations and availability of 
Internet services).   
As noted above, Canadians are the most active users of the Internet worldwide (Canadian 
Broadcasting Corporation [CBC], 2011), and this study provides preliminary information 
regarding challenges to overcome the so called “digital divide” amongst Canadians.  It may be 
argued that public health services and their delivery can be significantly enhanced through the 
use of innovative and interactive E-health- and/or telehealth-based technologies and 
interventions that are specifically tailored to meet the client’s individual health care needs across 
the lifespan (Bartfay & Bartfay, 2018).  Indeed, the implementation of Ontario’s Telehealth 
service by registered nurses is a basic example of that innovation, and with Canada’s aging 
population, more cost- and time-effective E-health based interventions will become the norm in 
our society and elsewhere.  
It is also critical to note that currently, Canada still has many Internet “dead zones” where 
infrastructure for Internet connection has not been placed due to our unique geography and the 
rural/ urban divide population (Canadian Broadcasting Corporation [CBC], 2011).  This 
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investigation provides preliminary evidence and support for the need to increase infrastructure and 
technology to address the geographical issues surrounding “dead zones”.  Indeed, I would argue 
that this would ultimately result in future cost savings, time and help to address issues surrounding 
geographical barriers and equity (e.g., for remote Inuit and First Nations people). Similarly, the 
Canadian Broadcasting Corporation [CBC] (2011) argues that broadband Internet is an essential 
service that should be delivered to all Canadians equally, regardless of where they reside in 
Canada.  
4.5 Study Limitations  
I wish to acknowledge that although my study had several noted strengths, there were 
inherent limitations which I wish to acknowledge as a researcher.   For example, one limitation 
of a descriptive study is that there is a risk of causal inferences being made when there could be, 
in fact, none.  Moreover, there could be temporal associations between hypothesized causes and 
effects that could be unclear (Grimes and Shulz, 2002). There were also potential missing data, 
which may have affected the analysis and final results obtained due to the right of participants to 
refuse to answer specific questions, as per Tri-Council and REB requirements.  Notably, I 
observed that older adults were reluctant to answer certain questions (left blank) due to privacy 
and/or confidentiality concerns.   
 My study employed a non-random convenience sample to recruit participants from older 
adult centres and a single university.  Hence, the results of my findings are limited to this noted 
sample and cannot be generalized to residents in Ontario or Canada, and might be considered as 
a potentially non-representative sample. My study also defined and examined specific age 
cohorts, notably those ages 65+ and those between the ages of 18 and 24. Hence, individuals 
between the ages of 25 to 64 and those under 18 years of age were not examined and the findings 
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may not be applicable to these noted cohorts. There was a presumption that the two age cohorts 
examined in this study would best represent high-end (i.e., millennials) versus low-end (i.e., 
older adults aged 65+), which may not, in fact, be the case. I also wish to acknowledge that the 
distribution of males versus females for my two aforementioned cohorts were not equally 
represented in nature and may have biased the outcomes and findings in part for my study.  
Indeed, the majority of the participants were either millennial or older adult females (See 
Chapter IV Results for demographic breakdown).   
Although the questionnaire took on average approximately 10 to 15 minutes to complete 
for each cohort, there was also the risk of response set bias and/or responder fatigue which may 
have affected the final results obtained (Althubaiti, 2016).  Moreover, given that the 
questionnaire was self-reported in nature, there is also a risk of recall and/or response bias, as is 
common with self-reported questionnaires (Althubaiti, 2016). Response bias occurs when a 
respondent answers the question to be either under or an over-estimation of their reflected 
feelings (Bowling, 2005). Lastly, the ranking criteria (i.e., Questions 31 to 33) proved to be 
challenging for some older adults to complete, as they chose to skip through it resulting in 
incomplete information being obtained for their cohort. Additionally, some older adults did not 
have access to a computer.  Hence, they chose to skip part VII of the questionnaire which 
contained the majority of questions surrounding e-health usage and access.  
This study was also completed prior to the COVID-19 pandemic, so it is important to 
note that the results are reflective of results prior to the increased usage and prevalence of e-
Health based technologies as a result. If the study were replicated today or post-pandemic, I am 
certain that the results would be different, as the usage of E-health based technologies has 
increased substantially. As indicated by Jiang et al (2020), a hospital in Ontario switched to 
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phone-based appointments at the onset of COVID-19, and is seeing upwards of 400 patients a 
day.  
4.6 Directions for Future Research and Implications for Public Health  
This study should be replicated with a larger sample size, and with diverse populations 
(e.g., difference ethnic groups, immigrants, Indigenous people) and geographical area (e.g., rural 
versus urban), which would provide a more realistic representation of Canada’s population as a 
whole.  Moreover, it would be important to do follow-up studies across to determine how e-
health and telehealth services can best be employed to address health needs and challenges 
across the lifespan.   Additional studies are also warranted to examine other potential key 
independent variables (e.g., income levels, ethnicity, literacy, occupation) which may have 
bearing on the digital divide. Utilizing a dynamic model to measure behavioural changes over 
time would be also be a possible avenue for future research initiatives. 
 With the largest age demographic being baby boomers in Canada and aboard, and the 
associated increased prevalence of non-communicable diseases (NCD; e.g., heart disease, cancer, 
diabetes, Alzheimer’s disease, depression) for this population, the use and application of public 
health prevention and promotion via e-health based technologies is expected to increase 
exponentially in the decades to come. For example, providing individuals with a way to reach 
their health care professionals without physically having to see them would reduce the burden of 
NCDs, decrease associated health care costs, save time, and increase the quality of life for many 
individuals.  
4.7 Summary and Conclusion  
The aim of my thesis was to examine the impact of the digital divide on the use and 
access to E-health based information on millennials and older adults in Ontario, Canada. The 
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results of the study support the common conviction and reasoning that older adults are lacking in 
digital literacy, access, and use of ICTs (information communication technologies).  One may 
argue that in our current technologically driven society, this may result in knowledge gaps and 
potentially lower quality of life in relation to their physical and mental health. This study is novel 
and unique because, to my knowledge, this is the first Canadian study to examine the digital 
divide between older adults and millennials in terms of accessing and using e-health based 
technologies and Internet based technologies (ICTs).  
Policy recommendations can also be implemented to further support the transition to e-
Health based technologies in society. Creating programs and initiatives to support those who are 
not as familiar with technology will assist individuals in gaining access to various new avenues 
of healthcare that they might not have access to otherwise. With an increasingly digital lifestyle, 
it would also be possible to explore more methods of access to ICTs for those who may not have 
access to them. Additionally, policies can be changed to make them more e-usage friendly for 
those who do currently have access to ICTs and cannot access other methods of usage.  
In conclusion, this study provides preliminary evidence for the presence of a digital 
divide between millennials and older adults aged 65+ in the Durham Region of Ontario, Canada 
in regards to accessing and using e-health based technologies and ICTs. Future prospective and 
interventional-based studies are warranted to examine how best to decrease barriers associated 
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Appendix B:  Letter of invitation to participate in research investigation 
 
RESEARCH TITLE: THE DIGITAL DIVIDE: EXAMINING THE USE AND ACCESS 
TO E-HEALTH BASED TECHNOLOGIES BY MILLENNIALS AND OLDER ADULTS 
IN ONTARIO, CANADA  
 
Hello!  
My name is Delana Theiventhiran and I would like to invite you to participate in a research study 
examining the usage and access to E-health based technologies by millennials and older adults in 
Ontario, Canada. This study is being conducted in partial fulfillment of the Masters of Health 
Sciences degree at the University of Ontario Institute of Technology (UOIT).  
 
The purpose of this study is to identify the impact of the use and access of E-health based 
technologies when compared with the millennial generation and the older adult generation 
in Ontario, Canada. Eligible participants are those aged 65+ years old, and those who are 
in the millennial generation, aged 15 to 22, currently residing in Ontario, Canada.  
 
Through your participation, I hope to determine the potential benefits and consequences related 
to the increased usage of E-health based technologies in Canadian society, and potentially 
provide an outlet to bring policy change.  
 
Any further questions or concerns can gladly be answered by me, so please do not hesitate to 
contact me at (905)-721-8668 ext. 3947 or at delana.theiventhiran@uoit.ca.  
 
Any questions regarding your rights as a participant, complaints or adverse events may be 
addressed to Research Ethics Board through the Ethics and Compliance Officer, who can be 





Graduate Student                                                                         Faculty Supervisor 
Delana Theiventhiran, BHSc                                                      Dr. Wally J. Bartfay, RN, PhD 
MHSc Candidate                                                                         Director of Health Sciences 
Faculty of Health Sciences                                                          Faculty of Health Sciences  
UOIT      UOIT  
Delana.theiventhiran@uoit.ca     wally.bartfay@uoit.ca 
905-721-8668 ext. 3947     (905)-721-8668 ext.2765 
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 Appendix C: List of Senior Community Centres in the Durham Region of Ontario 
Name of 
Facility 



























































































DIGITAL DIVIDE AND GENERATIONS      
87 
 
Appendix D: Site Letter of Permission 
 
                                                                                                 Date: ________________________ 
Dear Mr/Mrs/Ms. ______________________________________, 
Hello!  
I am conducting a research study entitled THE DIGITAL DIVIDE: EXAMINING THE SUE 
AND ACCESS TO E-HEALTH BASED TECHNOLOGIES BY MILLENIALS AND OLDER 
ADULTS IN ONTARIO, CANADA as my thesis research requirement for the degree of Master 
of Health Sciences (MHSc), specialization in Public Health at the University Of Ontario Institute 
Of Technology (UOIT) in Oshawa, Ontario.  
In connection to this, I would like to take this opportunity to ask for your help and permission in 
allowing me to recruit study participants on your premises, at the above-mentioned location. 
Specifically, to collect the necessary data and information for my study pertaining to the use and 
access of E-health based technologies, demographics, daily activity processes, sleep patterns, and 
mental health status. Please note that participating is strictly voluntary, and all information and 
consent will be coded, and informed written consent obtained by all study participants in 
accordance with UOIT’s REB (Research Ethics Board) and Tri-Council policy statements.  
I would greatly appreciate your support and permission in this particular research endeavor.  
Thank you very much for your time and cooperation.  
Sincerely,  
Delana Theiventhiran, BHSc                                                      Dr.Wally J. Bartfay, RN,PhD 
Delana.theiventhiran@uoit.ca wally.bartfay@uoit.ca 
905-721-8668 ext. 3947 905-721-8668 ext.2765 
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Appendix E: Recruitement Poster 
 
Want to win 1 out of 2 $25 gift cards, of your choosing?  
PARTICIPANTS NEEDED FOR RESEARCH ON THE DIGITAL DIVIDE AND 
GENERATIONS!  
I am looking for those who are in the millennial generation (aged 15 to 22) or the older adult 
generation (Aged 65+) to take part in a study looking at the impact of the digital divide between 
the two generations.  
You will be asked to complete one questionnaire examinng your technology and internet usage, 
as well as your physical health, mental health and your views on digital literacy and access to 
technology.  
Your participation will take approximately 30 to 45 minutes and takes place in person at either 
the University of Ontario Institute of Technology or at a senior based facility in Durham region.  
In appreciation for your time, you will be entered in a draw to win 1 out of 2 gift cards of your 
choosing, valued at $25 each! 
 
For more information about this study, or to volunteer for this study, please contact:  
Delana Theiventhiran  
Faculty of Health Sciences, UOIT, Oshawa, ON 
905-721-8668 ext. 3947  
Email: delana.theiventhiran@uoit.ca 
 
This study has been reviewed by, and received ethic clearance by the UOIT Research ethics 
Board, Ref #:  
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Appendix F:  Consent form 
RESEARCH TITLE:THE DIGITAL DIVIDE: EXAMINING THE USE AND ACCESS 
TO E-HEALTH BASED TECHNOLOGIES BY MILLENNIALS AND OLDER ADULTS 
IN ONTARIO, CANADA  
 
You are being cordially invited to participate in a study being conducted by Delana 
Theiventhiran (MHSc candidate) and Dr. Wally J. Bartfay from the Faculty of Health Sciences 
(FoHS) at the University of Ontario Institute of Technology (UOIT) in Oshawa, Ontario,Canada. 
This study is being performed in partial fulfillment of the Masters of Health Sciences degree by 
Ms. Delana Theiventhiran, and is being supervised by Dr. Wally J. Barfay. This study has been 
reviewed by the Research Ethics Committee at the University of Ontario Institute of Technology 




The purpose of this study is to identify the impact of the use and access of E-health based 
technologies when compared with the millennial generation and the older adult generation 
in Ontario, Canada. 
 
Procedures 
If interested in participating in this study, you will be asked to complete either an online or a 
pencil and paper self-reported questionnaire. This questionnaire will consist of questions 
involving demographics, your online behaviours, and your daily lifestyle patterns. Other 
questions will include questions about your mood, your sleep, and your attitudes towards the 
increased usage of technology in daily processes. This entire process will take between 30-45 
minutes to complete. Please note that the collected information will be primarily used for this 
study, and could possibly be used in other studies as secondary data.  
 
Potential Risks  
If there are any questions or tasks that make you feel uncomfortable, inappropriate or are too 
difficult to complete, you have the right to refuse. There may be a psychological risk where you 
may feel demeaned, worried, or embarrassed answering certain questions. If so, you have the 
right to skip the question or refuse to answer. We do not anticipate you will experience pain, 
discomfort or unease when participating in this study.  
 
Potential Benefits  
Through your participation in this study, you can help identify plausible health effects associated 
with the increased or decreased usage of technology. This study can also help identify probable 
areas for improvement and policy change in regards to the usage of E-health based technologies 
in Canadian society.  
 
Compensation  
Should you choose to participate in this study, your name will be entered into a random draw for 
a chance to win 1 out of 2 gift certificates of your choice, valued at $25 each. You must complete 
the questionnaire to be entered into the draw.  





All personal and health information, as well as questionnaire answers will be strictly 
confidential. The gathered information will be kept in a file under lock and key for a period of 5 
years in a locked steel metal filing cabinet in the research supervisors’ office, and then destroyed 
through a shredder. Only the research supervisor and the graduate student will have access to the 
office in which the cabinet is held. The electronic information and data analyses results will be 
destroyed within 5 years after the completion of the study using fileshredder, a free programme 
that permanently destroys files from your electronic device(s) that cannot be recovered. Your 
name will not be written on any questionnaires, documents, papers or publications. All collected 
data will be coded and will be anonymous. Your name will not appear in any peer reviewed 
publications, reports or conference proceedings that may arise from the analysis of the data, and 
only group findings will be presented and/or published. Hence, no individual findings or names 
will be disclosed or entered into any database. Only the supervisor, members of the supervisory 
committee and the graduate student will have access to the file(s).  
 
Participation/Withdrawal  
Participation is strictly voluntary. Withdrawing can be done do at any time, without any 
pertaining penalties or consequences. Your name will be omitted from any questionnaires, 
scales, reports, documents, and/or publications. It is not feasible to withdraw your information 
once data has been anonymized and grouped. The deadline to withdraw is ______ after which 
the withdrawal of information is not possible.  
 
Your Rights  
You may freely choose to consent to partake in this study or not. You also have the right to 
withdraw your consent at any time throughout the study without any consequences. Any 
questions regarding your rights as a participant, complaints or adverse events may be addressed 
to Research Ethics Board through the Ethics and Compliance officer at researchethics@uoit.ca or 
(905) 721-8668 ext. 3693. In addition, if you have any further questions, concerns, or doubts 
about this study, feel free to contact myself, Delana Theiventhiran at 
delana.theiventhiran@uoit.ca, phone: (905) 721-8668 ext. 3947 and/or my supervisor Dr. Wally 




Delana Theiventhiran, BHSc                                                       Dr. Wally J. Bartfay, RN, PhD 
MHSc Candidate                                                                          Director of Health Sciences 
Faculty of Health Sciences                                                           Faculty of Health Sciences  
UOIT      UOIT  
Delana.theiventhiran@uoit.ca     wally.bartfay@uoit.ca 
905-721-8668 ext. 3947     (905)-721-8668 ext.2765 








I consent to partake in  this study being conducted by Delana Theiventhiran and 
supervised by Dr.Wally J. Bartfay.  
Name of Participant (PRINT): ___________________________________________ 
Signature: ____________________________                           Date: _____________________ 






Please enter me for the chance to win 1 of 2 $25 gift certificates.  
Information for the gift certificates draw:  
Name___________________________________________ 
Preferred contact (phone or email address): 
________________________________________________ 
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 Appendix G: Time line for completion of study 
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Appendix H:  Demographic and E-health use questionnaire 
Demographic and E-health use questionnaire 
 
Health Questionnaire- Digital Divide Study  
The objective of this study is to identify the effect of the use and access of E-health based 
technologies when compared with the millennial generation and the older adult generation 
in Ontario, Canada.  
REB File No: 13540 
Date: _____________________ 
Part I: Demographic Information  
Please provide the following information about yourself, and circle/ list which applies best to 
your situation or preferences.   
1. What is your age?                                                                                    ______ 
 
2. What is your sex?                                                                                    ______ 
Males (1) 
Females (2) 
Other (3)  
 
3. Where do you currently reside?                                                              ______ 
Durham Region (1) 
York Region (2) 
Toronto (3) 
Mississauga (4)  
Peel (5) 
Niagara Region (6) 
Ottawa Region (7) 
Other (8) Please specify: __________________ 
4. What is your current personal status?                                                    ___________ 
Married (1) 
Common Law (2)  
Separated (3) 
Divorced (4) 




Single (6)  
 
5. What is the highest level of education received?                                   ___________ 
Primary school (JK to Grade 8) (1) 
High School graduate (Grade 9 to 13) (2) 
Apprenticeship trade graduate (ie. Plumbing, electrician) (3)  
College graduate (4)  
University graduate (5)  
Professional or graduate school (6)  
Other (7) Specify: ___________ 
 
6. What is your approximate household income including wages, retirement income, 
welfare and/or disability payments per year?                                        
______________ 





$50,000- $60,000 (6) 
More than $70,000 (7)  
 






Other (5) Please specify: ______________ 
 
 
Part II: Physical Health  




          0                           1                             2                                  3                                 4                  
    Very poor                  Poor                  Satisfactory                 Very good                  Excellent  
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9. On average, how many days per week do you engage in regular physical activity/ exercise?     
_____                                       
a. 0 days  
b. 1 day 
 c. 2 days 
 d. 3 days 
e. 4 days 
f. 5 days 
g. 6 days 
h. 7 days 
 
10. If you engage in regular physical activity/ exercise, how long (duration) do you do this for an 
average per session? 
 a) 0-15 mins 
 b) 15-30 mins  
c) 30-45 minutes 
 d) 45-60 mins 
 e) 1 hour or more. 
 
11. How would you rate your overall health-related quality of life?  
 
12.  On an average day, how much time spend being sedentary or inactive in nature (e.g., sitting, 
lying down, driving to work or school) per day? 
 
a) 0 
b) 1-3 hours 
c) 4-6 hours 
d) 6-9 hours 
e) greater than 10 hours. 
 
13. On average, how many hours on average do you sleep per night during the regular work or 
school week (Monday to Friday)?                                                                             
__________ 
0 to 2 hours (1)  
2 to 4 hours (2) 
4 to 6 hours (3) 
6 to 8 hours (4) 
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8 to 10 hours (5) 
10+ hours (6)  
 
14. On average, how many hours do you sleep per night during the weekends (Saturday and 
Sunday)?                                                                                                ___________ 
0 to 2 hours (1)  
2 to 4 hours (2) 
4 to 6 hours (3) 
6 to 8 hours (4) 
8 to 10 hours (5) 




Part III: Mental Health  
 
15. How would you describe your current stress/ anxiety level?  
 
 
16. On average, how often do you partake in stress/ anxiety reducing behaviours per month?        
_______ 
 
17. How would you rate your overall mental health and well-being today?  
 
        Part IV: Internet Usage  
18. On average, how often do you access/ use the Internet in a week?                                      
_________ 
Every day (1)  
Few times a week (2)  
Occasionally, as needed (3)  
Not often (4)  
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Never (5)  
 
19.  On average, how many hours do you use/ access the Internet in any given day?                                   
_______ 
0 to 2 hours (1)  
2 to 4 hours (2) 
4 to 6 hours (3) 
6 to 8 hours (4) 
8 to 10 hours (5) 
10+ hours (6)  
 
 
20. What do you primarily use the Internet for? Circle all that apply.                                                         
Social Media (1)  
Research (ie. Medical conditions) (2)  
Getting News updates (3)  
Shopping (4)  
Banking (5)  
Learning new hobbies (6)  
Watching movies/videos (7)  
Playing games (8) 
Streaming music videos/ songs (9) 
Getting directions (10) 
Getting weather updates (11) 
Just killing time (12) 
Other- Please Specify ______________ (13)  
 
21. What methods and/or locations do you prefer to use to access the Internet?  
Circle/ list all that apply.              ____________                                            
       Common Room (1)  
Library (2) 
I own my own device (3)  
Family member (4)  
Other-Please specify (5) ____________________ 
 
 
Part V: Digital Literacy 
22. How familiar are you with using technology such as smartphones?                     ________ 
Very familiar (1)  
Somewhat familiar (2)  
Comfortable (3)  
Not so familiar (4)  
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Not familiar (5)  
 
23. How would you rate your understanding of accessing the Internet from starting the computer 
or mobile device (e.g., tablet, smartphone) to accessing the browser?  
 
 




Gaming Systems (ie. PS4, PS3, Wii,Nintendo) (3)  
Television (4)  
Radio (5)  
Telephone (6)  
Tablets (7)  
Other- Please specify (8) _____________ 
 
 
25. How comfortable would you feel if given a new piece of technology to use?  
 
 
Part VI: Access to Technology  
26. Do you currently have access to any mobile ICTs (information communication technologies 
like smartphones, tablets, laptops)?                                                                          _________ 
Yes (1)  
No (2)  
 
27. If No, why not? Circle/ list all that apply.              ___________________                                                                                          
Lack of infrastructure (1)  
Not familiar with using technology (2)  
Not interested (3) 
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Not needed (4)  
No access to Internet (5)  
Fear of using these technologies (6) 
Too expensive to afford new devices (7) 
Other- Please specify _________________ (6)  
 
28. What methods do you use to access technology?                                                  ________ 
Common Room (1)  
Library (2) 
I own (3)  
Family member (4)  
Other-Please specify (5) ____________________ 
 
Part VII: E-health  
29. I am comfortable with both accessing and using e-Health based systems 
 




31. I prefer to get my health-related information from the following sources. Please rank from (1) 
most preferred to (6) least preferred.                                                                                               
  
______My primary physician, in person (face-to-face)   
______Nurse/nurse practitioner  
______Pharmacist  
______Allied Healthcare Professional (ie. Chiropractor, physiotherapist)  
______Ontario Telehealth services  
DIGITAL DIVIDE AND GENERATIONS      
100 
 
______Printed sources (e.g., pamphlets, books, medication inserts)  
 
32. I prefer to get my health information online from the following sources. Please rank from (1) 
most preferred to (5) least preferred.  
                                                                                                                                     
_______Search Engines (e.g., Google, Bing, Yahoo) 
________Government websites 
________Social media (e.g, Facebook, Twitter) 
_______Mass media (e.g., News on TV stations, radio, printed newspapers) 
_______E-health records  
 
33. I prefer to get my information for the printed format from the following sources.  Please rank 
form (1) most preferred to (6) least preferred. 
                                                      
______Pamphlets or brochures 
______One page info letter from my physician 
______One page info letter from my nurse or nurse practitioner 
______ One page info letter from my pharmacists for any meds I may be taking 
______Getting paper copies of my  health records and diagnostics tests 
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Appendix I: Thank You Letter  
 
RESEARCH TITLE: THE DIGITAL DIVIDE: EXAMINING THE USE AND ACCESS 
TO E-HEALTH BASED TECHNOLOGIES BY MILLENNIALS AND OLDER ADULTS 
IN ONTARIO, CANADA  
 
Hello!  
Thank you for participating in my research study examining the usage and access to E-health 
based technologies by millennials and older adults in Ontario, Canada. This study is being 
conducted in partial fulfillment of the Masters of Health Sciences degree at the University of 
Ontario Institute of Technology (UOIT).  
 
The purpose of this study is to identify the impact of the use and access of E-health based 
technologies when compared with the millennial generation and the older adult generation 
in Ontario, Canada.  
 
By participating, you were able to determine the potential benefits and consequences related to 
the increased usage of E-health based technologies in Canadian society, and potentially provide 
an outlet to bring policy change. I aim to be completed with my thesis and study by August 2019, 
at which point you can access it at the UOIT library, or online if published.  
 
Any further questions or concerns can gladly be answered by me, so please do not hesitate to 
contact me at (905)-721-8668 ext. 3947 or at delana.theiventhiran@uoit.ca.  
 
Any questions regarding your rights as a participant, complaints or adverse events may be 
addressed to Research Ethics Board through the Ethics and Compliance Officer, who can be 
reached at researchethics@uoit.ca or (905)-721-8668 ext. 3693.  
 





Graduate Student                                                                            Faculty Supervisor 
Delana Theiventhiran, BHSc                                                       Dr. Wally J. Bartfay, RN, PhD 
MHSc Candidate                                                                          Director of Health Sciences 
Faculty of Health Sciences                                                           Faculty of Health Sciences  
UOIT      UOIT  
Delana.theiventhiran@uoit.ca     wally.bartfay@uoit.ca 
905-721-8668 ext. 3947     (905)-721-8668 ext.2765 
                                                                                                      Fax: (905)-721-3189 
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Appendix J: Ethical Approval REB File# 15340 
 
Date: June 04, 2019 
To: Wally Bartfay 
From: Ruth Milman, REB Chair 
File # & Title: 15340 - Bridging The Digital Divide: Examining the Use and Access to E-





June 01, 2020 
 
 
The University of Ontario, Institute of Technology (UOIT) Research Ethics Board (REB) has 
reviewed and approved the research study named above to ensure compliance with the Tri-
Council Policy Statement: Ethical Conduct for Research Involving Humans (TCPS2 2014), the 
UOIT Research Ethics Policy and Procedures and associated regulations. As the Principal 
Investigator (PI), you are required to adhere to the research protocol described in the REB 
application as last reviewed and approved by the REB. In addition, you are responsible for 
obtaining any further approvals that might be required to complete your project. 
 
Under the Tri-Council Policy Statement 2, the PI is responsible for complying with the 
continuing research ethics reviews requirements listed below: 
 
Renewal Request Form: All approved projects are subject to an annual renewal process. 
Projects must be renewed or closed by the expiry date indicated above (“Current Expiry”). 
Projects not renewed 30 days post expiry date will be automatically suspended by the REB; 
projects not renewed 60 days post expiry date will be automatically closed by the REB. Once 
your file has been formally closed, a new submission will be required to open a new file. 
 
Change Request Form: If the research plan, methods, and/or recruitment methods should 
change, please submit a change request application to the REB for review and approval prior to 
implementing the changes. 
 
Adverse or Unexpected Events Form: Events must be reported to the REB within 72 hours 
after the event occurred with an indication of how these events affect (in the view of the 
Principal Investigator) the safety of the participants and the continuation of the protocol (i.e. un-
anticipated or un-mitigated physical, social or psychological harm to a participant). 
 
Research Project Completion Form: This form must be completed when the research study is 
concluded. 
Notwithstanding this approval, you are required to obtain/submit, to UOIT’s 
Research Ethics Board, any relevant approvals/permissions required, prior to commencement 
of this project. 




Always quote your REB file number (15340) on future correspondence. We wish you success 
with your study. 
 
Sincerely, 




Research Ethics Assistant 
researchethics@uoit.ca 
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Appendix K:Approval Emails from Seniors Centres and Retirement Residences  
 
 Figure 1: Approval Email From St. Andrews Friendship Centre  
Figure 2: Approval Email from South Pickering Seniors Club  
 
 




Figure 3: Approval Email from Oshawa Seniors Citizens Centre  
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Appendix L: Poster Presentations and Abstracts 












Figure 2: Acceptance Email for Poster Presentation at Oxford University, UK  
 
Figure 3: Poster Presentation Certificate at Oxford University, UK 
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Appendix M: Publication in the South Asian Journal of Nursing and Healthcare  
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Appendix N: Curriculum Vitae  
DELANA THEIVENTHIRAN 
 | delana.theiventhiran@uoit.net 
SUMMARY OF SKILLS 
 Languages 
· Fluent in Tamil and English 
· Working proficiency in French 
 Software 
· Microsoft Office (Word, Excel, Outlook, Powerpoint, Access, One Note)  
· EndNote and Mendeley 
· PS Suite, Meditech, ICD-10 
· SPSS, SAS, R 
 Quantitative Skills 
· Knowledge of research methods (ie. Hypothesis testing, cluster analysis, etc) 
· Data entry and data management through implementation of raw data values into files  
· Collected primary data by distributing and explaining consent forms and surveys to 
classes of 200 students, as well as older adult centres 
· Conducted data analysis to obtain values for statistical significance   
· Experience with survey conduction with Likert scales, questionnaires, etc 
· Experience with literature reviews, and systemic reviews  
· Manuscript and Thesis writing 
· Knowledge of evidence-based practice principles, research process, research analysis, 
and familiarity with health resources. 
· Utilize lay terms to easily communicate to individuals across all demographics (ie. 
Immigrants, Elderly, Students, etc)  
 
EDUCATION 





Masters of Public Health (Honours), University of Ontario Institute of Technology  
• Thesis Title: The Digital Divide: Examining the Use and Access to E-health 
Based Technologies by Millennials and Older Adults in Ontario, Canada 
 
 







Bachelors of Health Sciences (Honours)- Public Health Specialization, University of 
Ontario Institute of Technology 
• Dean’s List student  
RESEARCH EXPERIENCE  
September 2017- 
April 2020 
Thesis Student, under supervision of Dr. Wally Bartfay, UOIT, Oshawa 
· Conducted literature review to identify discrepancies between millennials and older 
adults in regards to the digital divide  
· Conducted primary data collection within several seniors centres in Durham Region 
and the University of Ontario Institute of Technology  
· Conducted data entry/analysis using SPSS, Excel and R  
· Created systemic reviews in pressing issues surrounding technology, the digital divide, 
and nomophobia  
· Ensured no ethical concerns had arisen to reduce and eliminate any harm to 
participants in the study  
· Translated researched evidence into written clinical recommendations sections of the 
thesis which will help contribute to policy change  
November 2015- 
April 2017 
Research Assistant for Dr. Wally Barfay, UOIT, Oshawa ON  
· Conducted primary data collection, data analysis, data entry and management 
· Created poster for NaHSSA conference (Dalhousie University, Halifax), National 
Sleep Society Conference (Calgary, Alberta), Ontario Public Health Convention 
· Presented poster at NaHSSA conference (Dalhousie University, Halifax), National 
Sleep Society Conference (Calgary, Alberta), Ontario Public Health Convention 
· Created abstracts and submitted to various conferences relating to health nationally  
September 2016- 
April 2017 
Research Assistant (Practicum Placement), Ontario Shores Centre for Mental Health, 
Whitby ON 
· Conducted literature review  
· Interacted with patients and conducted data collection  
· Created poster for Ontario Shores Poster Day  
· Wrote discussion section 
· Help develop evidence based population health intervention protocols aimed to 




Research Assistant for Dr. Alan Monavvari, Markham Stouffville Hospital  
· Conducted literature review to identify discrepancies between existing literature on 
obesity 
· Conducted primary data collection within the hospital  
· Conducted data entry/analysis using SPSS 
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Graduate Research Assistant- Contract, Ontario Shores Centre for Mental Health 
Sciences, Whitby ON 
• Conducted research with patients concerning the study being examined 
• Collected raw data using an observatory method  
• Communicated with patients, their families and supported them if help was 
required 
• Used Meditech to access patient information  
• Created reports outlining the results of the study 
September 2017-













Teaching Assistant, University of Ontario Institute of Technology, Oshawa, ON 
• Support the professor through marking, teaching, and supplemental learning for 
students 
• Regularly advocate with students to ensure that they are reaching their full 
potential 
• Mark and submit results in a timely manner 
• Taught the courses:  
o Info Lit and Written Comm for HS- HLSC 1701U in Fall 2017 and Fall 
2018  
o Interprofessional Health Care Teams- HLSC 3601U in Winter 2018 
and Winter 2019  
o Intro to Health Services Management- HLSC 2601U in Winter 2019  
o Interdisciplinary Collaboration HLSC 4820U in Fall 2018 
o Intro to the Canadian Health Care System HLSC2802U in Fall 2018 
o Prevention and Rehab of Complex Chronic Conditions HLSC 3473U 
in Winter 2018 
October 2016- 
April 2017 
Exam Invigilator, University of Ontario Institute of Technology, Oshawa ON 
• Invigilated exams by assisting the professor with exam distribution and 
collection 
• Monitored the exam hall to ensure that students act with academic integrity in 
mind  
• Assisted students with any concerns they might have during the exam   
July 2016- 
August 2016 
Medical Receptionist/ Data Entry Clerk, Health For All, Markham ON 
• Discussed patient files with doctors and other health professionals in a 
confidential and private manner  
• Called and answered phones, scheduled appointments, imputed patient 
information into PS Suite 
• Communicated with patients and relayed test results 
• Coded patient information into PS Suite as per DSM-9 
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August 2015 Office Intern, Dr. Betty Choi-Fung Medical Practice, Toronto ON 
• Triaged patients  
• Scheduled appointments, imputed patient information into the system (PS Suite) 
• Contacted patients before and after their appointment to relay test results, 
appointment information, etc.  
• Dealt with patients in a professional and confidential manner 
July 2014-
August 2014 
Neurosurgery and Neurology Intern, Great Ormond Street Hospital for Children, London 
UK 
• Observed surgery and treatment for children experiencing neurological concerns  
• Learned to assess and speak with patients and their families in an empathic 
manner  
• Dealt with patient’s charts in a confidential manner 
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“The Digital Divide: Examinng the Use and Access to E-Health Based 
Technologies by Millennials and Older Adults” in preparation for the 
World Health Congress 2019 Conference taking place at Oxford 
University, UK 
“The Digital Divide: Examinng the Use and Access to E-Health Based 
Technologies by Millennials and Older Adults” in preparation for the 
European Healthcare Design conference taking place at the Royal College 
of Physicians in London, UK 
“The Digital Divide: Examinng the Use and Access to E-Health Based 
Technologies by Millennials and Older Adults” in preparation for the The 
Future of Technology with a Conscience Forum in Oshawa, ON 












“Smartphones in the bedrooms of university students results in alterations 
to sleep: Implications for public health” in preparation for NaHSSA 
conference at Dalhousie University  
“The effects of excessive smartphone and other mobile ICTs use by 
millennials on their sleep and rest quality: Implications for public health” in 
preparation for the Ontario Public Health Convention 2017 and the 
Canadian Sleep Society Conference 2017  
 
International Health Congress 2019- Oxford University, Oxfordshire, UK 
European Healthcare Design 2019- Royal College of Physicians, London, 
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The Future of Technology with a Conscience- Oshawa, ON 
Brilliant Catalyst 2019 (UOIT with Ontario Shores)- Oshawa, ON 
National Health Sciences Student Association, Dalhousie University, 
Halifax ON 
Ontario Public Health Convention 2017- Toronto, ON 
Canadian Sleep Society Conference 2017- Calgary, AB  
Ontario Shores Research Day 2017- Whitby, ON 










Brilliant Catalyst Award  
• $5000 
Experiential Learning Award-various amounts 
• Recipient of the Experiential Learning Award for 3 years  
Tuition/Bursary Awards-$1500-$2000 
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Glossary of Key Terms 
Digital divide: The gap between ICT “haves” and “have-nots”. This includes access, digital 
literacy, location, age, as well as many other defining factors. It is often used as an umbrella term 
to describe the phenomenon.  
ICT: Information Communication Technology  
Digital Literacy: the ability to understand and coherently use technology for a specific purpose. 
This process commences from turning on the device to acquiring the specific purpose.  
Older Adults: Those who are aged 65 and above 
Millennials: Those who are aged 18 and above until age 25.  
Sociodemographic factors: Factors like age, education, race, ethnicity and language, which are 
often predisposed.  
 
 
 
 
 
 
 
 
 
 
 
